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ABSTRACT

The performance of a coating on wood is influendsd many factors, including surface
machining before coating. In an attempt to deteemgirsuitable method of surface preparation for
red oak wood, the effects of machining processesuoface properties and coating performance
were studied. Aside from two traditional surfacingethods preceding coating, sanding and
peripheral planing, two alternative methods weral@ated: helical planing and oblique cutting.
Surface quality was assessed through roughness, &fMvettability analyses. Adhesion tests
before and after an accelerated aging were caouédo evaluate the performance of a solvent-
borne coating. Results indicated that sanding predsurfaces with the lowest roughness values.
However, SEM analysis revealed that these surfaaesthe highest cell damage, which was
assumed to be responsible for increased surfaceye@®d improved coating adhesion after
weathering. Oblique cutting and helical planingdareed surfaces with similar features. The
highest loss in adhesion after weathering was fedrah helical and peripheral planed surfaces.
Furthermore, oblique cutting samples provided ltargr adhesion strength similar to sanding.

Keywords: red oak wood, sanding, peripheral planing, helitahing, oblique cutting.

INTRODUCTION

Several factors affect the coating performance @wdvsuch as surface preparation prior to
coating. Red oak, one of the most valuable spenidhe North America, is largely used for
furniture, flooring, interior trim, and veneer. T§)knowledge of the effect of different surfacing
methods on these surfaces in order to improverg@sgration and enhance the coating adhesion is
of great interest. The most common surfacing metiraat to wood coating is sanding. However,
this process is one of the most skill-based, timesaming, and expensive operations in wood
industry (1). Peripheral planing is a common maicigrprocess in woodworking and provides a
good surface finish. Helical planing could be usedrder to reduce dependence on sanding and
improve surface adhesion. Previous study has reghdiniat helical planing provides surfaces with
improved wetting properties, good fibrillation, andtually no cell crushing (2). Oblique cutting
produces surfaces virtually free of cell crushiy (

Wood surface properties affect application and grarance of wood coatings (4-5). One
important characteristic to assess the quality atimmed wood surfaces is the process roughness
which can be related with coating performance. H@xeroughness alone cannot completely
describe the machined surfaces. Scanning electicnosoope (SEM) micrographs are often used
as a gualitative analysis of machined wood surfacescan corroborate with surface roughness
evaluation. Another important analysis that prosidaluable information about the coating
performance is the wetting behaviour of wood sw$aarior to coating. Wetting of the surface by
an adhesive is a necessary prerequisite to bondafmn (6). Coating performance can be
assessed through adhesion strength and weathestgy #Adhesion strength is measured by
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several methods such as pull-off method. Acceldrateathering test provides valuable
information about durability of wood-coating systéma shorter time than natural weathering. In
this context, the purpose of this study was to stigate the effect of four surfacing methods on
red oak surfaces regarding surface properties aatihg performance.

MATERIALS AND METHODS

Material

One hundred twenty kiln dried boards of red o@kiefcus rubra L.) wood were used in the
present study. Before planing, boards were stoned iconditioning room at 20°C and 40%
relative humidity (RH) until they reached 8% eduilim moisture content (EMC). Boards were
then oriented in the longitudinal direction and maed at 900 mm (L) length, 60 mm (T) width,
and 20 mm (R) thickness. Machined boards were édvidto four groups, and each of them was
submitted to a machining treatment. After treatmemstamples for microscopy (10 mm L),
roughness (50 mm L), wettability analysis (130 mmand coating application (630 mm L) were
re-sectioned from each specimen. Samples were ¢bated and cross-cut in two matched
samples. One section of each sample was submdated taccelerated aging treatment and the
other remained untreated before the adhesion test.

Machining treatments

Sanding, oblique cutting, peripheral, and helidahing were used to prepare the red oak surfaces
prior to coating. Initially each surfacing treatrhan different levels of machining parameters was
analyzed separately with the purpose of selectireg liest condition of each treatment for
varnishing purposes. Costa sander equipped wigealoat paper-backed sanding belts was used
to sanding treatment. Boards were submitted toGa150-grit sanding program with aluminum
oxide sandpaper. Sander feeding was carried otlteirfiber direction at 14 m/min feed speed.
Oblique cutting was performed with Marunaka Supexckset up with 15° oblique angle. Feed
speed and cutting depth used were 65 m/min andrrB2respectively. Freshly sharpened high-
speed steel knife had 32° knife angle and 58° aalgte. Peripheral planing was performed with a
straight-knife cutterhead with 52 mm of cuttingitesdand was mounted on the horizontal shaft of
a Weinig Powermat 1,000 moulder. Knife used fottiogtwere freshly sharpened with rake,
knife and clearance angles of 25, 45 and 20°, otispdy. Feed speed used was 6 m/min, which
corresponded to wavelength of 1.0 mm. Rotation ¢méehe cutterhead was 6000 rpm with a
cutting depth of 1 mm. Casadei R63 H3 24" surfalsmer was used to carry out the helical
planing treatment at a 1 mm cutting depth. Feee&dpeas 5 nYmin, which corresponds to
wavelength of 1.0 mm. Rake and helix angles wefard 14°, respectively. Before each planing
treatment, previous cuts were carried out to |lsaehples.

Microscopic evaluation

Machined surfaces were observed with a field-emisscanning electron microscope (JSM-
6360LV, JEOL) operating at an accelerating voltagé5 kV. Two samples for each surfacing
method were selected and small cubes (1 cm3) wemaped to observe the tangential surfaces.
The cubes were attached to aluminium stubs anddoaith silver paint. The fibrillation level
and the presence of open lumens were the paranuseido assess these surfaces.

Roughness

Surface roughness measurements were made usingranMdiasure confocal microscope. A
surface of 12.5 mm (L) x 15 mm (T) was analyzed smnple by Surface Map 2.4.13 software
using an acquisition frequency and a scanningak89Hz and 3 mm/s, respectively. Roughness

Proceedings of the ®International Wood Machining Seminar
June 14-17, 2015 Quebec City, Canada 193



parameters were determined by Mountain Softwarl witut off length of 2.5 mm combined
with a Robust Gaussian filter (7). Mean surfacegtomess (§ was calculated according to ISO
4287 (8). Core roughness depth)(&nd reduced valley depth pwere calculated from the
Abbot curve according to ISO 13565-2 (9).

Wettability and Surface energy

Wetting analyses of machined surfaces were perfmwith a goniometer (FTA D200) at 20°C.
Wetting behaviour was assessed by sessile-dropochethithin 8 hours following surfacing
methods. Distilled water, diiodomethane and forntEmivere used as test liquids. Sessile
droplets (2 uL) of liquids were placed with a mi&ydnge on the surface on each of the thirty
replicate specimens per treatment. Measurements ezgrducted in the longitudinal direction of
the fibers. Right and left angles of the dropstangurface were collected at intervals of 0.1safor
total duration of 120s for distilled water and 3@s formamide and diiodomethane liquids.
Average of the contact angles was used for theulzdion of surface energy by adidse
approach (10).

Coating procedure

Machined surfaces were coated within the first Bradollowing machining. Samples were kept
face against face before coating application ireotd minimize the risk of contamination. Three
coats of a solvent-borne coating were air sprayédrawm temperature according to
manufacturer’s specifications. Wet average thickneas 200-um. Surfaces were sanded, lightly
with 320 grit abrasive paper between the first secbnd coats.

Accelerated Aging

Prior to aging, samples ends were sealed with foared prevent moisture exchange during
treatment. Samples were then placed in a CincitgwiiZero environmental stimulation chamber
(WM-906-MP2H-3-SC/WC) and underwent an aging treattrwhich consisted of four cycles of

48h at 15% RH and 50°C followed by 48h at 90% RH 2@°C. After aging, specimens were re-
conditioned at 20°C and 40% RH.

Adhesion tests

Performance of coating film adhesion from aged @maged samples was assessed by mechanical
pull-off test as described in ASTM D4541 (11). Aahdolly (20 mm diameter) was glued with a
two-part epoxy adhesive on each specimen and alldweure for 48h. A circular groove was
then made around the dollies to prevent failurgpagations out of the tested area. Finally, the
dollies were pulled off from the substrate at canstspeed in a universal testing machine. The
force attained at rupture was recorded and usedltolate the pull-off strength.

Statistical analyses

Statistical analyses were done on SAS statistiaakgge, version 9.4. Pwiff strength results
were analyzed as repeated measures design witimitterd procedure. Oneay analyses of
variance were performed to assess surface rouglnessurface energy data. Means-difference
comparison tests were made when a significantteffas found at the 5% probability level.
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RESULTS AND DISCUSSION
Surface topography

SEM micrographs showed differences among surfaoesuped by the four surfacing methods
(Figure 1). Helical and oblique-cut surfaces showedilar features. Both machining process
generated surfaces with no visible defects (FigukeB). Lumens and rays were visible with
slightly ruptured cell walls. Also, plateau-likeeas were more frequent on these surfaces than
other two surfacing methods. According to some @nstlil2-13), these areas are probably formed
during the cutting action taking place by peelimgjre individual cells in, or close to, the middle
lamella. Red oak surfaces prepared by peripheaiqpy showed a more important level of
fibrillation when compared with helical planing amdlique cutting. Partial detachment of
microfibrils or fibrils groups from cell walls chacterized peripheral-planed surfaces (Figure 1C).
Sanded surfaces had the highest level of fibrtatihan other machined surfaces. Structure of
wood cells on red oak surfaces were severely nemtliby sanding process. The presence of
crushed microfibrils and torn cell walls characted these surfaces (Figure 1D). Furthermore,
abrasive grains created micro-grooves along swsfaddch were partially filled with dust and
damaged tissues. Fibrillation increases the actudhce available for mechanical adhesion that
can improve coating bonding (14-17). However, tleagiration of coatings or glues into the
wood can be limited by the layer of damaged celissarfaces (18). This suggests that a
combination of open lumens and a certain levelilwilfation are desirable to improve coating
spreading and perhaps its performance.

Despite of helical planing and oblique cutting hdslally showed smoother surfaces than those
from other two treatments (Figure 1); these sudageesented the highest values of average
surface roughness parametey) @ shown in Table 1. Peripheral planing hadafie statistically
equal to those found for the processes cited alMaasels, rays and fibers lumens were clearly
visible on these surfaces which probably increabedsurface roughness. Average roughness of
sanded surfaces was lower and statistically diffietiean the other three surfacing methods. As
previously reported, sanded surfaces are more ramifiecause of the combination of cellular
damage and dust filling the lumens (19). This stng method alters the cellular structure in
such a way that no anatomical roughness is deteqtah, 20). In fact, Ss a common roughness
indicator that represents an overall measure otdkeire comprising the surface. Furthermore,
previous studies (21-24) have demonstrated thatllaeacterisation of surface roughness only
based on the average roughness parameter is regptedddor the evaluation of machining process
on porous wood species (like red oak) becauserdhighness parameter is sensible to extreme
values produced by the presence of vessels.

On the other hand, the lowest values of core roeghaepth (J, which describes the processing
roughness (20-21), were found for machined surfag#s helical planing and oblique cutting
(Table 1). This roughness parameter reflects theahgrocess irregularities by showing low
anatomical noise. Surfaces prepared by periphdaaling had intermediate values of. She
highest core roughness depth value was provideshbgling. This result can be explained by the
irregularities in the surface caused by the abeagnt particles during sanding process, which
drastically change the anatomical structures irsingathe roughness due to the process (21).
Furthermore, the Sesults were corroborated by SEM micrographs (feidy), where the effect

of different surfacing methods on red oak surfazas be visualised through the assessment of
cell damages in the tangential surfaces.

Samples prepared by oblique cutting, peripherahipta and helical planing had statistically
similar reduced valley depth (¥ values (Table 1). In contrast, theg, Sharameter was
significantly lower for the sanding process, B®ughness parameter is related to wood anatomy
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(22-23). This suggests that the presence of op&madns on surfaces prepared by the three
planing processes contributed to increase thep&rameter by raising the mean line of the
roughness profile (19). Moreover, this result conf the fact that sanding uniformizes the
surface and minimizes the influence of wood anat¢dy.

DS L fre s

Figure 1: Tangential SEM micrographs of red oak uncoatedasad produced by helical planing
(A), oblique cutting (B), peripheral planing (Chdsanding (D).

Table 1: Surface roughness parameters of red oak woodrspesi

Surfacing method Roughness parameters (um)
S S Sik
8.0 1468 38.°

Sanding 1) (0.4) (5.6)
. . 157 9¢& 976
Peripheral planing (1) (0.4) (5.6)
. . 16.2 51 98¢
Helical planing 1.1) (0.4) (5.6)
C
Oblique cutting 13_'1?\ 5(0'.%) 1%5(.)6?

1 S: mean surface roughness; &re roughness depth;Sreduced valley depth.
2 Values are means (standard errors of the medr) teplicates. Means within followed by the salet¢er are not significantly

different 5% at the probability level.
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Wettability

Contact angles as a function of time are preseinmtédgure 2. Sanding had the fastest wetting,
followed by oblique cutting. Peripheral and heligdning showed similar wetting behaviour.
The type of process by which wood is machined @érittes the structure, morphology and
chemical composition of its surface, resulting iadamined surfaces with different wettability
properties. SEM micrographs of red oak samplesiconthat sanded surfaces had the most
damaged and roughened surfaces than those plahedhigh level of fibrillation produced by
sanding offered the best condition for water sprepdn red oak surfaces. Scratches left by the
abrasive grains accelerated the conduction of visteapillary action (24).

Also, the highest total surface energy (vas observed on sanded surfaces, while planéacssr
showed similar values fops (Table 2). Sanded surfaces had the highest valudisplerse
componenty"), followed by peripheral planing, helical planirapd oblique cutting (Table 2).
According to Garnier and Glasser (2&)"' component in cellulosic materials depends mosily o
the presence and concentration of free hydroxyligsan the surface. The microfibrils detached
from cell walls can increase the amount of the bygr groups available on surfaces. Thus, the
higher value of the disperse component on sandddces could be due to the increase of
hydroxyl sites exposed at the surface. A more itgmbrpolar componenty{*) is related to
hydrophilic surfaces (26). Surfaces prepared bydisgnand oblique cutting presented values
significantly higher of this component®), which agrees with the findings of wetting belwawi
(Figure 2). Lewis acid parameter (or electron atmeg’) and Lewis base parameter (or electron
donorys) of surface energy can be used in treating thé&ribation of acidic and basic characters
to the adhesion across an interface (27)values were much higher than thoseygffor all
machining treatments (Table 2). This means thaettmirfaces are able to participate in polar
interactions with acid materials. Sanding and al@igutting showed similar values of bath
andys components, which could indicate that these sagfanay exhibit similar performance
after coating.

70 [ Helical Planing
Peripheral planing
60 L = Oblique cutting
A Sanding
— 50 -
o
% 40 - = .
E 30 4 e -
= . " nag, " % mmoaog
O A "8 EEmag
20 | A, A
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Figure 2: Dynamic contact angle changes of distilled wateraafunction of time on red oak
samples prepared by four different surfacing meshod
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Table 2: Mean difference comparisons performed on the datarface energy components for
red oak wood specimens.

Surfacing method v v v Vs Vs
. 59.4% 50.3 9.1% 1.5° 16.1°
Sanding ©0.2) 0.2) 0.3) ©0.1) (1.0)
. . 553  48.P° 7.% 2.5 6.1°
Peripheral planing 2 ©0.2) ©0.3) ©.1) (1.0)
. . 547  46.F 8.5° 2.4 9.¢P
Helical planing 0.2) 0.2) ©0.3) 0.2) (1.0)
. : 548 453 96 1.6 17.8
Oblique cutting 0.2) 0.2) 0.3) 0.2) 1.0)

1 ys total surface energyy™. disperse componenti®. polar componenty,”. electron acceptor component. electron donor
component.

2 Values are means (standard errors of the medr) ceplicates. Means within followed by the saletter are not significantly
different at the 5% probability level.

Adhesion performance

The ANOVA showed that pull-off strength was sigcdintly affected by the interaction between
surfacing method (S) and aging (A) (Table 3). THeat of the surfacing method on pull-off
strength was statistically significant. Howevere thffect of aging on pull-off strength was
statistically more pronounced (Table 3). Resultadifiesion and aging tests for four surfacing
methods are summarized in Table 4. Before aginlioffustrength was statistically similar for
sanding, peripheral and helical planing. The lowmst-off adhesion measured was found on
specimens planed with oblique cutting (Table 4)teAfaging, sanded specimens showed the
highest pull-off adhesion, while planed surfaced bimilar pull-off adhesion. Adhesion results
agreed with findings on previous studies (28-31)cWwhieported that fibrillation can improve the
adhesion of coatings by increasing the area availfds mechanical anchoring. However, the
fibrillation could reduce the coating adhesiondé@maged cells are not firmly attached to the
surface (31).

Loss of coating-substrate adhesion was statistisathilar to specimens machined by peripheral
and helical planing. Regardless the lower valuputifoff strength before aging, samples planed
with oblique cutting presented loss in adhesiornlamo sanding (Table 4). As mentioned before,
the certain level of fibrillation presented is pmps what has ensured a better adhesion of the
coating to sanded surfaces after the acceleraiad tapt. The area between substrate and coating
increases as surface roughness increases whict eaplain the better adhesion of rougher
surfaces. The presence of plateau-like areas areglaurfaces with oblique cutting may have
been responsible for the low value of pull-off afgth before aging. However, the availability of
opened lumens and rays could have increased tlesiadhpenetration and decreased the impact
of the weathering treatment in these surfaces.

Table 3: F values for pull-off strength analysis obtainedn ANOVA for red oak surfaces
prepared by four different machining processes.

Source of variation Pull-off strength
Surfacing method (S) 5.7*

Aging (A) 502.1*

SxA 11.3*

*Statistically significant at the 5 % probabilitguel.
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Table 4: Pull-off strength before and after an acceleragithg treatment of an interior coating
applied on red oak wood samples.

Surfacing method Before  After Loss in

aging aging adhesion
(MPa) (MPa) (%)
. 6.4" 4.5" 29°
Sanding 0.3) 0.1) 2.4)
: : 6.7" 3.8 42"
Peripheral planing ©0.3) ©0.1) @2.4)
: , 6.9" 3.7 40"
Helical planing ©0.3) 0.1) 2.4)

B

Oblique cutting 5(6_1:1:,) ?(’o?? (2293

1 Values are means (standard errors of the medr8) ceplicates. Means within followed by the saletéer are not significantly
different at the 5% probability level.

CONCLUSIONS

Helical planing and oblique cutting produced suefawith no visible defects. Peripheral planing
created slight fibrillation, while sanding productt most cell damage on red oak surfaces.
Peripheral and helical planing suffered a signiftdass in adhesion after the accelerated aging.
Sanded surfaces showed good wettability, high m®aeughness and adhesion after aging
compared to other treatments. The high level aflf#ition promoted long-term adhesion strength
on these surfaces. Oblique cutting caused intemtedvettability, lower process roughness and
similar loss in adhesion strength to sanding, shgwiotential for long-term utilization and could
be used as an alternative to sanding on red o&kcssr Further research to optimize the level of
fibrillation to ensure better adhesion before agsgecessary.
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Abstract

This contribution presents results of an experimental research on sanding. With a sample of
oak being the experimental material, sanding was carried out on radial, tangential and transversal
surface of the piece. The impact force was changed on three levels (21 N, 41 N and 58.5 N), the grain
size of sanding belt in four levels (40, 60, 80, 100). The constant parameters were: cutting speed 200
m-min™, moisture content of the sample 12%. The cutting force and surface roughness were
measured and cutting force was recaltutated to 1 mm of wideness of sanding belt. The cutting force
was: within 0.80 till 1.0 N-mm™ for oak, impact force 21 N, for all surfaces and for all grain size; within
0.47 till 0.54 N-mm™ for oak, impact force 41 N, for all surfaces and for all grain size; within 0.23 till
0.26 N-mm™ for oak, impact force 58.5 N, for all surfaces and for all grain size. Surface roughness
alternated within limits 4.42 um — 14.43 um depending up grain size, impact force and character of
sanded surface. The minimum valids for grain size 100, transversal surface and impact force 21 N;
maximum valids for grain size 40, tangential surface and impact force 41 N. Surface roughness was
measured in perpendicular direction to cutting direction.

Key words: sanding of wood; impact force; cutting force; surface roughness.

INTRODUCTION

Sanding of wood is a very frequent object of reaserch in the word. The reason is that sanding
is usually the last operation of surface modification before lackering or painting and the technology
may improve surface quality and ensure dimensional accuracy of worpiece. The quality of sanding
surface directly determinates the final effect: as for as both the potential customer’s interest (i.e. the
succes on the market) and the resistance against weather conditions are concerned.

Sanding can be charakterized as machining with a lot of cutting wedges with non-defined
geometry. This geometry is coined by grains of the abrasive material, joined together by means of a
binding material.

In generaly, the rake angle of grains is crushingly negative, the chip is modified under a big
angle ¢, in the zone of machining and the temperature in this area may rise, by Bansky, Nas¢ak,
Wieloch (1999), up to 230°C; They tested the influence of temperature and grain size (P80 and P120)
on the surface roughness of the chipboard and MDF board. The influence of temperature on the
surface roughness was the most intensive for grain size P80.

The significance of sanding technology arises together with the evolution and production more
and more productive grinders and the original purpose sanding machine for finishing is extended for
roughness too. In this case, sanding may compete with other metods of machining.
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The main characteristics of sanding according to Driensky (1986) are:
« irregular stylus fillet,
irregular geometrical shape,
high hardness and termical resistance,
high cutting speed (from 30 mps until 120 mps,
short-lasting contact with the machined workpiece (cca 0,0001 s),
small size of grains (from 0,003 mm to 3 mmg,
very small cross section of the chip (from 10 mm? until 10 mmz),
« wearing of grains during the sanding process, i.e. degresion of the cutting property.
A model of the chip removing including a definition of the basic geometry according to Maslov
(1979) is displayed in Fig. 1.

Fig. 1.
Model of the chip removing (Maslov 1979)

a, — clereance angle, B, — wedge angle, v, — rake angle, r, — radius of cutting wedge, ¢ —
angle of the primary plastic deformation, a, — depth of the grain penetration into the material, v, —
cutting speed

Influence of the grain size on the surface roughness was in focus of Bahchevandziev a
Manev (1999) who used a chip board covered with veneer from beech and pine as their experimental
material. The granularity of abrasive papers were P100 and P150, respectively P120, P150, P180
and sanding was carried out in parallel and vertically compared with fibres. The experiment confirmed
significant influence of last sanding direction to final surface roughness.

Ockajova and Siklienka (2000) solved influence of the wood species, orientation of wood’s
fibres, and sort of the grinding material on the volume of wood removed per minuta. They stated a
correlation between removed material and species of wood, grain size, as well as fibre of wood
orientation.

The research objective of Ayrilmis, Candan, Akbulut, Balkiz (2010) was to investigate the
effects of sanding on the surface properties of the medium density fiberboard (MDF) panels made
from Rhododendron ponticum L. wood. The MDF panels were sanded with different sizes of the sand
paper grit: P60; P60+P80; or P60+P80+P120 grit. Surface absorption and surface roughness of the
MDF panels were determined on the basis of the EN 382-1 standard and 1ISO 4287 by using a fine
stylus profi lometer. The MDF surface sanded with a 60-grit size had a lower contact angle and more
wettable surface compared to the surfaces sanded with P60+P80+P120 grit sizes.

The paper by Fotin, Cismaru, Marthy, Brenci, Coseranu (2011) presents the results of
experimental research studies dealing with the power consumption during the process of sanding
birch wood with grain sizes of P60, P80, P100 and P120 with regard to three processing directions
(parallel, perpendicular and at 45° angle to the wood structure orientation). The industrial experiments
were performed at NIKMOB Company, on the wide belt sander machine using an electronic device
and a data acquisition logger in order to record the power consumption. The factorial experiment with
two variables (feed speed and cutting depth) was used.

Fotin et al. (2013) presented results of the experimental research on the quality of birch wood
surfaces after sanding them with P60, P80, P100 and P120 grains sizes, analyzing the roughness
parameters of the sanded surfaces in each phase. The birch wood specimens were sanded parallelly,
perpendicularly and with a 45-degrees inclination towards the wood fibres.

The paper by Jai¢, Palija, Dobi¢ (2010) presents a research of the influence of the system of
surface finishing on the most significant decorative properties of the dried film: color and gloss. The
samples were made from two species of Paulownia (Paulownia elongata and Paulownia fortunei).
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In the study by Richter, Feist, Knaebe (1995), analysis results of a relationship between the
morphological structure of the outside wood layer (surface roughness), and the performance of
coatings are given. The surface roughness of five roughness categories (processed by planing,
sanding, and bandsawing) on three wood substrates (vertical- and flat-grained western redcedar and
flat-grained southern yellow pine) was determined by stylus tracer measurements.

The aim of the reasearch of Tian and Li (2014) was to explore the correlation between the
sanding efficiency and the surface quality. As testing material were used Manchurian ash, Birch and
MDF board, technological conditions were in longitudinal and transverse direction to wood fibres and
grain sizes of paper P60 and P100 as influencing factors, analyzed their influence on the sanding
efficiency and the surface quality. Results indicated that the highest sanding efficiency was obtained
by MDF when sanded with the P60 grain size abrasive belt, Manchurian ash acquired the lowest
sanding efficiency when sanded with the P100 grain size abrasive belt in longitudinal direction.
Moreover, the lowest Ra was yielded by Manchurian ash when sanded with the P100 grain size
abrasive belt in transverse direction; MDF gained the highest Ra when sanded with the P60 grain size
abrasive belt. It also could be noted that there was not a visible correlation between sanding efficiency
and surface quality in all cases of the study, but the belt should be replaced when the material removal
rate decreased to a certain level in order to acquire better product quality and economic efficiency.

Sanding of non- and hydro-thermally treated oak was in the focus of experiments by Wilkowski
et al. (2011). They used an equipment with a loaf grinding bit, and a CNC machine with vaccum
clamping system for fixing of worpiece. For wood machining, following parameters were used:
granulation of abrasive paper P40, dimensions of grinding bit 30mm/60mm, depth of cut 1mm, feed
speed 1Impm and rotational spindle speed 2000rpm.

The experimental results from sanding different wood species (conifers, broadleaves) with
known internal anatomical characteristics were used in the experiment by Magoss (2013): 4 different
grain sizes were applied in the range of P80 and P240 were presented in diagrams showing the basic
relationships between the surface roughness parameters and grain diameters (4 different grain sizes),
the roughness parameters and structure number for all wood species, and internal relationships
between roughness parameters.

According to Gurau (2013) and Gurau (2014) sanded wood surface have different irregularities
caused by machining and wood anatomy; the wood anatomy was excluded from the roughness
profiles using a method based on the Abbot-curve. Latewood was smoother than earlywood with the
greatest ratio in oak, followed by spruce and beech. The author used paper with P180 and P120 grain
sizes, diferent for various samples.

The effects of wood dust on humen health were analysed by Darii and Badescu (2011).
Spruce, beech and MDF were used as experimental materials, cutting speed was constant (18 mps)
and granulity of used papers was P40, P60, P80, P100 P150. From all the parameters the feed speed,
pressure, moisture content and density of the material have a considerable influence on the resulted
volume of chips.

The influence of the impact force (21 N, 41 N and 58.5N), feed speed (50mpm, 150 mpm, 200
mpm), sample of wood (spruce, oak, beech), type of the surface (radial, tangential, transversal), and
size of the grids (P40, P60, P80, P100) on the cutting force and surface roughness were in focus of
Suniar and Javorek (2013) research. In this research, 648 pieces for every wood species were used,
i.e. 1944 pieces altogether. This paper presents a reduced overview of the research — for oak, cutting
speed 200 mpm only.

OBJECTIVE

The main objective of the presented research was to evaluate cutting force and surface
roughness as functions of the cutting speed, impact force, species of wood and sanding direction in
the face of wood'’s fibres orientation.

MATERIAL, METHOD, EQUIPMENT

English oak (Quercus robur L.) was used as experimental material. The samples were prepared
as a box of 60 mm x 60 mm x 60 mm so, that its sides functioned as radial, tangential and transversal
surfaces. Oak is one of the most important hard wood species in Slovakia (preceded by beech and
followed by maple); at present it covers app. 10.7 % of the Slovak forest area. Klement et al (2011)
declares physical properties of the raw material with moisture content 12%. Some of the properties are
shown in the Table 1.
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Table 1
P?ysical properties of the experimental material
Density [kg.m" Moisture content of green wood [% . .
in absolute dry ! rgeduc]ed in fresh ’ - F!bre-satp(atlon
sapwood adult wood point humidity [%]
status po status pr
390/ 650/ 930 550 70 - 100 60 - 90 32-35
Linear shrinkage in direction Volumetric
longitudinal radial tangential shrinkage
0.4 4.0 7.8 12.2

The goal of the experiment was to state the influence of grain size (P40, P60, P80, P100),
impact force, (21 N, 41 N, 58.5N), cutting speed (200 mpm), and feed direction toward to wood'’s fibres
(parallel or perpendicular) on the cutting force and surface roughness. The surfaces of the
experimental samples were defined as tangential (T), radial (R) and transversal (P).

a b c
Fig. 2.
a - Definition of machined surfaces; b - Detail of sanding; ¢ - Surface roughness
measuring

Piezoelectric measuring sytem (Fig. 3.) made by Kistler (Kistler Instrumente AG, Switzerland)
was used for measuring the cutting force. The system was also used for checking the impact force.
The basic parts of the system were:

1. Dynamometer 9275B (parameter see Table 2).

2. Multichanel Charge Amplifier 5070A.

3. A/D Converter — DAQ System 5657A1.

4. PC + softver DynoWare.

|DY"0WW Ki-'i“e'l DAQ Systém Multichanel Charge

Type 5657A1 Amplifier
Kistler

Fig. 3.
Scheme of the measuring chain
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Table 2
Dynamometer typ 9257A — chosen technical parameters
Range force application Fx, Fy, F2 kN -5..5
Overload Fy, Fy, F; kN -75/75
Fyand F, <0,5F, F, kN -7,5/15
Response threshold N <0,01
e Fx Fy pCIN ~-7,5
Sensitivity F oC/N ~ 37
Linearity (all ranges) % FSO <#1
o Cx, Cy KN/um >1
Rigidity c, KN/um >2
Natural frequency fa (X, Y, 2) kHz ~3,5
fo (X, y) kHz ~2,3
Natural frequency (mounted on flanges) i () KAz 35
Operating temperature range °C 0..70
Temperature coefficient of sensitivity % /°C -0,02
Capacitance (of channel) pF 220
Ground insulation Q >10°
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Fig. 4.

The records of the impact force (Fz) and cutting force (Fy)

RESULTS AND DISCUSSION

A fullfactorial experiment was carried out, i.e. for all variations of all independed variables.
Involved results valid for one-factorial analyse. Cutting force was recalculated to 1mm-wide sanded
surface, therefore quoted unit of force is N-mm™. The surface roughness was measured in the
direction of cutting speed and in the direction perpendicular to cutting speed.

Fig. 5 displays the influence of impact force (A=58.5N), grain size of belts and type of the
surface (R, T, P) on the cutting force. The values of forces for radial and tangential surfaces are very

similar — only for grain size 40, there is a diference of 0.12N-mm™

. It looks like very small, but for a 300

mm-wide board, for instance, it is 36 N, and for a 1000 mm-wide bioboard it is 120N. Therefore it is
important to bear in mind this fact when processing wider plates.
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Influence of grain size and impact force to cutting force (v.=200 mpm}

”-E 0:80 | 087 419870,84 b 200,50028 . N
i
g = \E @80
g Z:zz % §§ L @100

A T-A

Sanding surface/ Impact force/ Grain size

Fig. 5.
Influence of grain size and impact force A on the cutting force (oak, v, =200 mpm)

Values in the graph in Fig. 6 display analogical independed variables as the graph in Fig. 5.
Nevertheless, the value of impact force was B=41 N, i.e 1.4-time lower. The graphs look similar but
the value of cutting force was lower by 40% till 50%.

Influence of grain size and impact force to cutting force (v.=200 mpm)
0,56 0,54
052
g 0,54 052 i
i 0,51 :
£ 0,52
Z 050 D as 49 - 840
o d 47
g 048 - : 860
L
i — as0
® 046
£ 044 - @100
o
0,42 - T
R-B T-B P-B
Sanding surface/ Impact force/ Grain size

Fig. 6.
Influence of grain size and impact force B on the cutting force (oak, v, =200 mpm)

The graph in Fig. 7 illustrates results received during sanding with impact force C=21 N, i.e.
2.7-times smaller than force A and 2-times smaller than force B. This is evident in the decrease of the
cutting force. However, if we compare radial, tangential and transversal surfaces, the cutting force
increases practicaly in every case.

Influence of grain size and impact force to cutting force (v.=200 mpm)})
0,27 0,26
0,26
= 0,26
£ 0,25 0,25
£ 025 0,25 . 02 02
y  0.25 ! 0,24 g
= . , (540
o 024 = 0,24 -
g o 0,23 =] / / I =)
w ] -
022 % % Q50
§ 023 1 / / — @100
3 022 - -
0,22 1
R-C T-C P-C
Sanding surface/ Impact force/ Grain size

Fig. 7.
Influence of grain size and impact force C on the cutting force (oak, v, =200 mpm)
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The evaluation of surface roughness is in follows part; as arithmetic average of absolute
values, i.e. parameter Ra. For measuring the surface roughness, Surfcom 130A was used; contact
measuring system with radius of stylus tip 2+0.5um, cut-off was 0.8mm, evaluated length 30mm. The
influence of the measure direction was very significant (see records in Fig. 8. resp. in Fig. 9.). Values
for perpendicular direction were cca 2.5-times higher. (This paper only presents results from
perpendicular direction measuring).

(um) Total Profile
(V-Mag. :*100.00 H-Mag. :%5.00)

Omm 10.0 20.0 30.0 40.0

Fig. 8. Surface roughness in direction to sanding direction

{um) Total Profile
{V-Mag. :#100.00 H-Mag. :*5.00)

Surface roughness in perpendicular direction to sanding direction

The graph in Fig.10. presents the average values of surface roughnes as dependent on
impact force, type of surface and grain size of oak.

Influence of grain size and impact force to surface roughness (perpendicular to
sanding direction)
3]
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Sanded surface/ Impact force/ Grain size

Fig. 10.
Influence of grain size, impact force and sanded surface on the surface roughness in direction
perpendicular to cutting direction (oak, v, =200 mpm)

From this graph, a very considerable influence of grain size on the value of roughness is
evident. It was true of the whole research. For example, for radial surface applies that the change
granularity from 1P00 to P40 surface roughness will change (increase) in 89.5% (for force A), in
92.3% (for force B), in 51% (for force C). The average value is nearly 77.2%.
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For tangential surface it is (the change granularity from P100 to P40) roughness will increase
in 94.4% (for force A), in 151% (for force B), in 146% (for force C). The average value is practically
130.5%.

For transversal surface for the same granularity (P100 or P40) roughness will increase in 78%
(for force A), in 98% (for force B), in 123% (for force C). The average value is almost 100%.

CONCLUSIONS

The experiment confirmed the dependency of the cutting force on grain size, impact force and
fibres orientation compared with direct of cutting velocity, including the type of the sanded surface
(radial, tangential, transversal). These differences of force were not very considerable.

Surface roughness very significantly depends on grain size and impact force. Surface
roughness has effect on the speed of liquid interpenetration to wood.
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